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HARD DISK DRIVE CACHE MEMORY AND
PLAYBACK DEVICE

This application claims the priority of a provisional appli-
cation 60/754,937 filed on Dec. 28, 2005, whose disclosure is
incorporated herein in its entirety.

TECHNICAL FIELD

The present invention relates to a memory device and more
particularly to a memory device for use as a disk drive cache
memory in a personal computer, such as a PC, and can also
function as a playback device for play back of music or video
while the PC is either in a hibernating mode or even off mode.

BACKGROUND OF THE INVENTION

Volatile random access memory, such as SRAM or DRAM
(or SDRAM) or PSRAM (hereinafter collectively referred to
as RAM), are well known in the art. Typically, these types of
volatile memories receive address signals on an address bus,
data signals on a data bus, and control signals on a control bus.

Parallel NOR type non-volatile memories are also well
known in the art. Typically, they receive address signals on the
same type of address bus as provided to a RAM, data signals
on the same type of data bus as that provide to a RAM, and
control signals on the same type of control bus as that pro-
vided to a RAM. Similar to a RAM, NOR memories are a
random access memory device. However, because NOR
memories require certain operations, not needed by a RAM,
such as SECTOR ERASE or BLOCK ERASE, the opera-
tions, which are in the nature of commands, are provided to
the NOR device as a sequence of certain data patterns. This is
known as NOR command protocols. In the prior art, there are
two types of NOR command protocols: 1) those protocol
commands that are compatible with the protocol command
set initially promulgated by Intel, and 2) those protocol com-
mands that are compatible with the protocol command set
initially promulgated by AMD. In either event, a NOR
memory interfaces electrically to the same address, data and
control buses as a RAM interfaces with. Furthermore, con-
ventional NOR memory devices may also provide data,
address, and control signals serially, in well known conven-
tional formats such as SPI, LPC or firmware hub.

NAND type non-volatile memories are also well known in
the art. Unlike parallel NOR devices, however, NAND
memories store data in random accessible blocks in which
cells within a block are stored in a sequential format. Further,
address and data signals are provided on the same bus, but in
a multiplexed fashion. NAND memories have the advantage
that they are more dense than NOR devices, thereby lowering
the cost of storage for each bit of data.

Because of the lower cost per bit of data for a NAND
device, there has been attempts to use a NAND device to
emulate the operation of a NOR device. One such device
called OneNAND (trademark of Samsung Corporation) uses
a RAM memory to temporarily buffer the data to and from a
NAND memory, thereby emulating the operation of a NOR
memory. However, it is believed the OneNAND device suf-
fers from two shortcomings. First, it is believed that the user
or the host device which interfaces the OneNAND must keep
track of the data coherency. In data coherency, because the
user or host writes to the RAM, the data in the RAM may be
newer (and therefore different from the) data in the location in
the NAND from which the data in the RAM was initially read.
Thus, in the OneNAND device the user or the host must act to
write data from the RAM back to the ultimate location in the
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2

NAND to store that data, or to remember that the data in the
RAM is the newer data. A second problem is believed to be a
shortcoming ofthe OneNAND device is that it cannot provide
for automatic address mapping. In the OneNAND device,
once data is written into the RAM portion of the OneNAND
device, the host or the user must issue a command or series of
commands to write the data in the RAM portion to the ulti-
mate location in the NAND portion of the OneNAND device.
Similarly, for a read operation, the host or user must issue a
read command from specified location(s) in the NAND por-
tion of the OneNAND to load that data into the RAM portion,
and then read out the data from the RAM portion.

Another prior art device that is believed to have similar
deficiency is the DiskOnChip device from M Systems. In the
DiskOnChip device, a thin controller with a limited amount
of RAM controls the operation of NAND memories. How-
ever, it is believed that the controller portion of the DiskOn-
Chip device does not have any on board nonvolatile bootable
memory, such as NOR memory.

A prior art publication showing the use of NAND memo-
ries with a controller emulating NOR memory operation is
shown in US patent application 2006/0053246, published
Mar. 9, 2006. Although this publication shows the use of
NAND memories with controller connected to a plurality of
processors, it appears that the NAND memory cannot be
accessed directly through an ATA format operation. Thus, all
access to the NAND memory must be accomplished by the
controller with no direct access from the external.

Computer systems are well known in the art. In particular,
a computer system adhering to the “IBM PC” standard is well
known in the art. Referring to FIG. 6, there is shown a com-
puter system 300 of the prior art. The computer system 300
conforms to the “IBM PC” architecture. The system 300
comprises typically a motherboard 312 on which are mounted
a variety of components such as a processor 314, such as a
Pentium microprocessor made by Intel Corporation, a
memory controller hub chip 316, also known as Northbridge
chip 316 and a IO controller hub chip 318, also known as
Southbridge chip 318. The Northbridge 316 and the South-
bridge 318 are known as chipsets and can be obtained from
Intel Corporation. Finally, the motherboard 312 comprises a
BIOS 320 which is typically a NOR type non-volatile
memory device, which is connected to the Southbridge 318
via a bus 350. The bus 350 is also connected to other compo-
nents of the system 300, such as Hard Disk Drive (HDD) 326,
Modem 328, USB or other ports 327, speaker 325, Keyboard
322 and mouse 324. The foregoing system is described and is
disclosed in U.S. Pat. No. 6,421,765. See also U.S. Pat. No.
6,330,635.

In the operation of the computer system 300, the processor
314, boots up from the code that is initially stored in the BIOS
320. Once the processor 314 has executed the initial code
from the BIOS 320, it sends signals to the HDD 326 to
retrieve further code/data stored on the HDD 326. Thereafter,
the operation continues.

As can be seen from the foregoing, if the drive 326 is
activated, the processor 314 and the entire system 300 must be
“on.” With battery time on a lap top computer 300 at a pre-
mium, it is desired to conserve battery power. Further, it is
desired to improve the performance of such a system 300.
Accordingly, there is a need for an improved device that can
satisty the foregoing.

SUMMARY OF THE INVENTION

In the present invention, a novel memory device is dis-
closed. The novel memory device uses NAND flash memo-
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ries to emulate the function of a NOR memory. Further, the
memory device is used in a PC system to replace the volatile
DRAM ortobe used as a bootable BIOS memory. In addition,
the memory device can act as a cache to the hard disk drive.
Further, the memory device can act as a hub for USB devices
thereby controlling the transfer of data to/from the hard disk
drive, even while power is off to the main processor. Further,
since the memory device has a controller, the controller can
perform other functions (or a dedicated processor, such as
DSP, can also be used) such as MP3 playback. Thus, the
memory device can function as a stand alone audio playback
device, even while the PC is turned off or is in a hibernating
mode. Finally with the MP3 player controller, the memory
device can access additional audio data stored on the hard
drive, again with the PC in an off mode or a hibernating mode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block level diagram of a first embodiment of a
memory device, including the memory controller, connected
to a host system or user.

FIG. 2 is a memory mapping diagram showing the map-
ping of the address space as seen-by the host or the user,
external to the memory device of FIG. 1, to the NOR memory,
the RAM memory and the NAND memory in the first
embodiment of the memory device shown in FIG. 1.

FIG. 3 is a detailed block level circuit diagram of the
controller, used in the memory device of FIG. 1.

FIG. 4 is a block level diagram of a second embodiment of
a memory device, including the memory controller, con-
nected to a host system or user.

FIG. 5 is a memory mapping diagram showing the map-
ping of the address space as seen by the host or the user
external to the memory device of FIG. 4 to the NOR memory,
the RAM memory and the NAND memory in the second
embodiment of the memory device, shown in FIG. 4.

FIG. 6 is a block level diagram of a computer system in
accordance with the “IBM PC” architecture of the prior art.

FIGS. 7a, 7b and 7¢ are block level diagrams showing the
connection and use of a memory device in accordance with
either the first or second embodiment with components of the
“IBM PC” shown in FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, there is shown a first embodiment of a
memory device 10. The memory device 10 comprises a
memory controller 12, a NAND memory 14, and a RAM
memory 16. The memory device 10 interfaces with a host
device 20, through a first RAM address bus 22, a first RAM
data bus 24, and a plurality of control signals such as wait 26,
RST# 28, and CE#, OE#, and WE# 30, all of which are well
known to one skilled in the art of control signals for a RAM
bus. Hereinafter unless otherwise specified, all of the control
signals on the wait 26, RST# 28 and CE#, OE# and WE# 30
are referred to as first RAM control bus 32. The first RAM
address bus 22, the first RAM data bus 24 and the first RAM
control bus 32 are connected from the host device 20 to the
memory controller 12 of the memory device 10. Further, as
discussed previously, the interface between the memory
device 10 and the host device 20 can be via a serial bus in
which the data, address and control buses are serially con-
nected between the host device 20 and the memory device 10.
Such a memory device 10 is also within the scope of the
present invention.

The memory controller 12 has a second RAM address bus
(similar to the first RAM address bus 22), a second RAM data
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4

bus (similar to the first RAM data bus 24), and a second
control bus (similar to the first RAM control bus 32) all of
which are collectively shown as simply as a second RAM bus
40, connected to the RAM memory 16. The memory control-
ler 12 further has a NAND address/data bus and a NAND
control bus (all of which are collectively shown as a NAND
bus 42) connected to a NAND memory 14. The RAM
memory 16 can be integrated or embedded in the memory
controller 12, as a single chip integrated circuit. Alternatively,
the RAM memory 16 can be an integrated circuit separate
from the memory controller 12. Alternatively, portions of the
RAM memory 16 can be integrated with the memory control-
ler 12 and portions of the RAM memory 16 can be separated
from the memory controller 12. The advantage of the RAM
memory 16 being a separate die will be discussed hereinafter.
However, the advantage of the RAM memory 16 being inte-
grated with the memory controller 12 is that the RAM
memory 16 may be faster in operation.

In one embodiment, the memory controller 12 is a single
integrated circuit die. The controller has also a first NOR
memory 44, a second NOR memory 62,2 SRAM memory 46,
and SDRAM controller 48 (for controlling the operation of
the RAM 16, if the RAM 16 is an SDRAM type of RAM
memory, and is external to the memory controller 12) embed-
ded within the memory controller integrated circuit die. Of
course, the first NOR memory 44 and the second NOR
memory 62 may be a part of the same physical NOR memory.
A detailed block level diagram of an embodiment of the
memory controller 12 is shown in FIG. 3. As used herein a
“NOR memory” means any type of randomly accessed non-
volatile memory. The NOR memory includes but is not lim-
ited to floating gate type memory, ROM, or cells using trap-
ping material etc. Further as used herein “NAND memory”
means any type of serially accessed non-volatile memory that
may contain defective cells.

In one embodiment, each of the memory controller 12, the
RAM memory 16 and the NAND memory 14 is made of a
single integrated circuit die and are packaged together in a
MCP (Multi-Chip Package). The advantage of such an
arrangement is that for a user or host 20 that requires a large
(or small) amount of memory, the amount of memory can be
changed by simply changing the readily available die for the
NAND memory 14 or if speed is a factor then changing the
readily available RAM memory 16. Thus, having the memory
controller 12, the RAM memory 16 and the NAND memory
14 in separate dies means that-different sizes of the memory
device 10 and speed or performance can easily manufactured.

Of course, the memory controller 12, the RAM memory 16
and the NAND memory 14 can also be made into a single
integrated circuit die. If the memory controller 12, the RAM
memory 16 and the NAND memory 14 are made of a single
integrated circuit die, then provision can also be made to
provide an external NAND bus 42 so that additional exter-
nally provided NAND memories can be attached to the
memory device 10 to expand the memory capacity of the
memory device 10.

Referring to FIG. 2 there is shown a memory map showing
the mapping of addresses as seen by the host device 20 and as
mapped to in the first embodiment of the memory device 10
shown in FIG. 1. The memory map as seen by the host device
20 has two general sections: Random Access and Mass Stor-
age Access. The Random Access section occupies the lower
memory address location (although that is not a requirement).
Within the Random Access section, the lowest memory
address is that for NOR memory access portion 50, followed
by a Pseudo NOR (PNOR) memory access portion 52, fol-
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lowed by a RAM access portion 54, followed by a configu-
ration access portion 56. Each of the portions will be
explained as follows.

The NOR memory access portion 50 as seen by the host
device 20 is that when the host 20 operates in this portion 50,
the result is an operation on the physical NOR memory 44.
Thus, the mapping of the memory portion 50 to the physical
NOR memory 44 is a one-to-one. In other words, the amount
of memory space allocated to the NOR portion 50 depends
upon the amount of NOR memory 44 that is available in the
memory device 10. In one embodiment, the amount of NOR
memory 44 embedded in the memory controller 12 is 4 Mega-
bits, with 2K Word sector size and with 32K Word Block size.
Further, when the host device 20 believes it is operating on the
NOR portion 50 (as in issuing commands of read/write/erase
etc.), the resultant operation is directly on the NOR memory
44. This NOR portion 50 can be used by a host device 20
seeking to store performance critical code/data that requires
random access with no latency. Further, if a program is stored
in the NOR memory 44, it can be executed in place within the
NOR memory 44. Thus the NOR memory 44 can store pro-
gram or code that “boots” the host device 20.

The PNOR portion 52 as seen by the host device 20 is that
when the host 20 operates in this portion 52, the host 20
believes it is operating on RAM memory 16 which is non-
volatile. Therefore, to the host device 20, it can operate on the
PNOR portion 52 like any other RAM memory 16 except the
data stored in the PNOR portion 52 is non-volatile, all without
issuing NOR protocol commands. In one embodiment, the
PNOR portion 52 is divided into pages, just like a NAND
memory, with each page either 8K Byte, 2K Byte, or 512
Byte. In operation, when the host device 20 interfaces with
the memory device 10, it interfaces with the RAM memory
16, with the memory controller 12 “backing up” the data to
and from the NAND memory 14, and maintaining data coher-
ence between the RAM memory 16 and the NAND memory
14, and with the memory controller 12 mapping the address
supplied by the host device 20 to the address of the actual data
in the NAND memory 14. Because there is a larger amount of
NAND memory 14 available than actual RAM memory 16,
the PNOR portion 52 can be much larger memory space than
the actual amount of memory available in the RAM memory
16.

Further, the PNOR portion 52 can be divided into four (4)
regions, each mapped to a zone: zone 0, zone 1, zone 2 and
zone 3 in the RAM memory 16. Each zone can have a differ-
ent degree of mapping. Where the mapping from a region in
the PNOR portion 52 to a zone in the RAM memory 16 is
one-to-one, then this is called “static paging mode.” Where
the mapping from a region in the PNOR portion 52 to a zone
in the RAM memory 16 is many-to-one, then this is called
“dynamic paging mode.” A static paging mode mapping will
result in the lowest latency in that the amount of memory
space in the PNOR portion 52, e.g. 256 pages (or 512K bytes
in the case of 2K byte pages) is always mapped to the same
amount of memory space in the RAM 16, e.g. 256 pages (or
512K bytes), which is in turn mapped into 256 pages (or 512K
bytes) in the NAND memory 14. In that event, although there
is no latency in access during operation because the RAM
memory 16 is also random access, there is latency in initial
load and storage from and to the NAND memory 14 to and
from the RAM memory 16. In a dynamic paging mode map-
ping, such as mapping 40,000 pages of the memory space in
the PNOR portion 52 mapped to 512 pages of RAM memory
16, which in turn is mapped to 40,000 pages of NAND
memory 14, a larger amount of latency will occur. This
latency will occur both in the initial loading of the data/
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program from the NAND memory 14 into the RAM 16, as
well as during operation of retrieving data/program from the
PNOR portion 52, which may require data/program to be first
loaded into the RAM 16 from the NAND memory 14, if there
is a cache miss. Thus, the latency for the PNOR portion 52
will differ depending upon the size of the zones configured.
The boundary of each zone of the RAM memory 16, and
therefore, how much memory space is mapped from each
region of the PNOR portion 52 into the RAM memory 16 can
be set by the host device 20 or the user. As a result the host
device 20 can configure the four zones to operate either in a
static paging mode to store/retrieve program or time critical
data, orto operate in a dynamic paging mode to store/retrieve
program or data that is not time critical, with result that there
is a latency if there is a cache miss.

In the event a zone is configured for static paging mode,
data read coherence is not an issue, since the same amount of
memory space in the PNOR portion 52 is always mapped to
the same amount of space in the RAM memory 16. However,
data write coherence must still be performed. However, in the
event a zone is configured for dynamic paging mode, data
coherence must be provided. The host device 20 can config-
ure the zone to operate in one of two cache coherence modes.
In a first mode, the host device 20 initiates the cache coher-
ence mode. In this mode, the host device 20 flushes the cache
operation in the RAM memory 16 as and when needed by the
host device 20. In a second mode, the memory controller 12
initiates the cache coherence mode, by flushing the cache
operation in the RAM memory 16 as and when needed by the
memory controller 12 to maintain the coherence of the data
between the cache in the RAM memory 16 and the NAND
memory 14.

Once the amount of memory space for the PNOR portion
52 and their mapping to the RAM memory 16 is set by the
user, the remainder of the available memory space in the
RAM memory 16 is available to be used for RAM memory
access portion. The RAM memory access portion 54 as seen
by the host device 20 is that when the host 20 operates in this
portion 54, the result is an operation on the physical RAM
memory 16. Thus, the mapping of the memory portion 54 to
the physical RAM memory 16 is a one-to-one. Further, the
amount of memory space allocated to the RAM portion 54
depends upon the total amount of RAM memory 16 that is
available in the memory device 10, and the degree of mapping
of'the memory space portion of the PNOR memory 52 to the
RAM memory 16. When the host believes it is operating on
the RAM portion 54 (as in issuing commands of read/write
etc.), the resultant operation is directly on the RAM memory
16. This RAM portion 54 can be used by a host device 20
seeking to use the memory space as a buffer area. Since the
mapping of the memory space of the PNOR portion 52 to the
RAM memory 16 in each zone can be set by the user, and the
total amount of RAM memory 16 is known, the boundary
between the PNOR portion 52 and the RAM portion 54 is
indirectly set by the user. Thus, if it is desired to have a large
amount of buffer, a larger amount of the RAM portion 54 can
be allocated, by decreasing the mapping between the PNOR
portion 52 and the RAM memory 16 in one or more of the
zones. In addition, the boundary between the PNOR portion
52 and the RAM portion 54 can be changed during operation
of'the memory device 10, by resetting the memory controller
12, and re-establishing the mapping between the memory
space of the PNOR portion 52 and the RAM memory 16, in
each zone.

The boundaries for the memory map for each of the zones
of'the RAM memory 16 and the size of the memory space of
the PNOR portion 52 can be pre-assigned and stored in the
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non-volatile configuration registers 60 in the memory con-
troller 12. Access to the configuration registers 60 is through
the configuration access portion 56. The non-volatile con-
figuration registers 60 may be a part of the embedded NOR
memory 62. Alternatively, the boundaries for the memory
map for each of the zones of the RAM memory 16 and the size
of'the memory space of the PNOR portion 52 can be selected
by a user through one or more chip select pins. In that event,
as the memory controller 12 is powered up, the boundaries for
the different memories can be re-set. The NOR memory 62
can also store the firmware code 61 used for execution by the
memory controller 12, during boot up and for operation of the
memory controller 12 and the MCU 64.

Finally, in the Mass Storage Access section 58, when the
host device 20 accesses that section of the memory space, the
host device 20 believes that it is accessing an ATA disk drive.
The memory controller 12 translates the logical ATA disk
drive space addresses, into a NAND memory 14 physical
space address using the well known Flash File System (FFS)
protocol. In one embodiment, for a read operation, the begin-
ning portion of the Mass Storage Access section 58 consists of
a 16 byte logical address which is loaded into the ATA Task
File Register 79. The memory controller 12 decodes the 16
bytes of task command and logical address and converts it
into a physical address for accessing a particular “page”
within the NAND memory 14. The page of 512 bytes from a
page in the NAND memory 14 is read and is then loaded into
the Data Registers 81, where they are accessed by the host
device 20, either sequentially or randomly. For a write opera-
tion, the reverse occurs. The logical address of where the 512
bytes of data are to be stored are first loaded into the Task File
Registers 79. A write command is written into the Task File
Register 79. The memory controller 12 decodes the command
in the Task File Registers as a write command and converts it
into a physical address to access the particular page in the
NAND memory 14, and stores the 512 bytes in the Data
Registers 81 at that location. In another embodiment, there
may be two data registers 81(a & b) (not shown) in a so-called
ping-pong configuration. In that event, one of the Data Reg-
isters 81a isused to supply 512 bytes of data to the host device
20 with data previously loaded from one page of the NAND
memory 14, while the other Data Register 815 is used to load
data from another page of the NAND memory 14 into the
Data Register 815, to supply the data to the host device 20
after the data from the Date Registers 81a have been com-
pletely read out. In this manner, continuous read operation
across many of pages of data from the NAND memory 14 can
occur. The Data Registers 81(a & b) can also be used in a
ping-pong fashion for a write operation, so that many con-
tinuous pages of data can be written into the NAND memory
14 with little or no latency set up time.

As previously discussed, the interface between the
memory device 10 and the host device 20 can be via a serial
bus. In particular, such a serial bus might connect the NOR or
PNOR area of the memory device 10 with the host device 20
with a conventional parallel bus connecting the RAM portion
of the memory device 10 with the host device 20.

Referring to FIG. 3 there is shown a detailed block level
diagram of the memory controller 12 interfaced with the
RAM memory 16 and the NAND memory 14. The memory
controller 12 comprises a microcontroller 64. The microcon-
troller 64 performs or executes all bookkeeping functions of
the FFS. In addition, it performs or executes Defect Manage-
ment (DM) and cache data coherence algorithms, and cache
flush replacement algorithms. Finally, the microcontroller 64
performs or executes cache paging scheme algorithms. All of
these operations are accomplished by firmware or program
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code 61 stored in the NOR memory 62, including the boot up
operation or the initialization of the memory controller 12.

The microcontroller 64 is connected to a second NOR
memory 62, which as previously discussed also stores the
firmware 61 for execution by the microcontroller 64. In addi-
tion to storing the non-volatile configuration registers 60, the
NOR memory 62 also stores the firmware for operations of
FFS and DM.

The microcontroller 64 also interfaces with the SRAM
memory 46 through the MUX 74. The SRAM memory 46
serves as a local high speed buffer for the microcontroller 64
to store runtime data. In addition, the SRAM memory 46 can
store defect map cache, and FFS data structure.

Although, the detailed description of the memory control-
ler 12 is described with respect to hardware components, all
of the functions described hereinafter may also be imple-
mented in software, for execution by the microcontroller 64.

The memory controller 12 comprises a current cache page
address registers 66 which may be implement in the nature of
a content addressable memory 66. The function of the CAM
66 is to keep current PNOR cache page addresses and to
update the CAM 66 when there is an access miss during either
aread or write operation to the PNOR portion 52. Each entry
within the CAM 66 has three portions: a page address portion
664, an index address portion 665, and a status portion 66¢.
The discussion that follows with regard to the operation of the
memory controller and the CAM memory 66 is with regard to
the following example, although it should be understood that
the invention is not limited to the following example. It is
assumed that the address from the host device 20 is 32 bits,
comprising of 21 most significant bits (bits 11-31) and 11
least significant bits (bits (0-10). The 21 most significant bits
comprises a page address, while the 11 least significant bits
comprises an offset address. Each entry in the CAM memory
66 also comprises the page address portion 66a comprising of
21 bits, the index address portion 665 comprising of 9 bits,
and the status portion comprising of 12 bits, which consist of
1 bit of valid (or not); 1 bitof dirty (or clean); 1 bit of static (or
dynamic); 1 bit of host initiated cache coherence (or control-
ler initiated); and 8 bits for last access time stamp. With 32
bits from the host device 20, the host device can address 232
Bytes or 1 GB amount of memory space. As will be discussed
hereinafter, the memory controller 12 uses the index address
portion of 9 bits from the CAM memory 66 along with the 11
bits from the offset address from the host device 20 to form a
20 bit address thereby enabling the addressing of 1 MB to the
RAM 16. Of course, these numbers are by way of example
only and do not limit the present invention.

The memory controller 12 also comprises a Hit/Miss com-
pare logic 68. The Hit/Miss compare logic 68 receives the
address signals from the address bus 22, and the control
signals from the control bus 32. The Hit/Miss compare Logic
68 then sends the 21 bits of the page address from the 32 bits
of address from the host device 20 to the CAM memory 66.
The CAM memory 66 compares those 21 bits of page address
with page address 66a stored in each entry of the CAM
memory 66. If there is a HIT, i.e. the 21 bits of the page
address from the host device 20 matches one of the entries in
the CAM memory 66, then the CAM memory 66 outputs the
associated 9 bits of the index address 6654, to the MUX 70. If
there is a Miss, the Hit/Miss compare logic 68 generates a
read miss signal or a write miss signal. The read miss signal
and the write miss signals are supplied to a Micro Code
Controller (MCC)/Error Code Correction (ECC) unit 72 as
signals for the MCC/ECC unit 72 to perform data coherence.
The signal supplied to the MCC/ECC unit 72 is either a Hit:
which indicates that one of current page address stored in the
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RAM memory 16 is the address from the host device 20 as
supplied onthe address bus 22, or a Miss: which indicates that
none of the current page address stored in the RAM memory
16 is the address from the host device 20 as supplied on the
address bus 22. Finally, the Hit/Miss compare logic 68 is also
connected to the wait state signal 26. The wait state signal 26
is generated when the memory controller 12 desires to inform
the host device 20 that the memory controller 12 desires to
hold the bus cycle operation. The wait state signal 26 is
de-asserted to release the buses 22/24/32 to permit the host
device 20 to resume operation. One example of a wait state
signal 26 being asserted by the memory controller 12 is when
there is a read/write miss and the memory controller 12 needs
to retrieve the data from the address in the NAND memory 14
and to load it into the RAM memory 16. During the time that
the data is retrieved from the NAND memory 14 and loaded
into the RAM memory 16, the wait state signal 26 is asserted
by the memory controller 12.

The memory controller 12 also comprises a MCC/ECC
unit 72, which operates under the control of the microcon-
troller 64. The MCC/ECC unit 72 monitors the read miss/
write miss signals for cache data coherence, flush replace-
ment, and paging operations. In addition, under the control of
the microcontroller 64, it operates the NAND memory 14 and
provides for the defect management operation of the NAND
memory 14. Further, under the control of the microcontroller
64, the MCC/ECC unit 72 provides DMA function to move
data between NAND memory 14, RAM memory 16, and
SRAM memory 46. Finally, the MCC/ECC unit 72 performs
error detection and correction on the data stored in the NAND
memory 14.

The memory controller 12 also comprises a cryptograph
engine 90, which provides for security and digital rights man-
agement. In addition, the memory controller 12 may have
additional RAM memory 92 embedded therein, i.e. formed
on the same integrated circuit die, to be used to augment the
amount of RAM memory 16. As previously indicated the
RAM memory 16 may be a separate integrated circuit die in
which case the RAM memory 92 embedded in the memory
controller 12 augments the RAM memory 16. However, if the
RAM memory 16 and the memory controller 12 are inte-
grated into the same die, then the RAM memory 16 and the
RAM memory 92 may both be part of the same memory array.

The memory device 10 will now be described with respect
to the various modes of operation. During power up, the
Hit/Miss compare logic 68 generates the wait signal and
asserts the wait state signal 26. The memory controller 12
reads the configuration parameters from the non-volatile reg-
isters 60 and loads them to the volatile registers 46 (which
may be a part of the SRAM 46). The static pages, i.e. data
from the NAND memory 14 which are statically mapped to
the PNOR portion 52 will also be read from the NAND
memory 14 and stored into the RAM memory 16. This is done
by the microcontroller 64 through the MCC/ECC 72 execut-
ing the FFS protocol to translate the address of the page from
the NAND memory 14 and to generate the physical address
and control signals to the NAND memory 14 to retrieve the
data therefrom and to store them into the RAM memory 16.
During power up, the MCU 64 and the MCC/ECC 72 will also
scan the NAND memory 14 to find the master index table. The
master index table will be read and stored into the local
SRAM memory 46. The MCU 64 will check the data struc-
ture integrity of the master index table. The MCU 64 and the
MCC/ECC 72 will also scan the NAND memory 14 to deter-
mine if rebuilding of the master index table is required. The
MCU 64 and the MCC/ECC 72 also will bring two pages of
data from the NAND memory 14 into the local SRAM
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memory 64. The first two pages of data from the NAND
memory 14, called Vpage contains data for mapping the logic
address of the host device 20 to the physical address of the
NAND memory 14 with the capability to skip defective sec-
tors in the NAND memory 14. The FFS is then ready to accept
mapping translation request. The Hit/Miss compare logic 68
then de-asserts the wait state signal 26, i.e. releases the wait
state signal 26.

It should be noted that during power up, while the memory
controller 12 is retrieving the static pages from the NAND
memory 14 and storing them into the RAM memory 16, and
performing other overhead functions, such as updating the
master index table of the NAND memory 14, the memory
device 10 is still available for use by the host device 20. In
particular, the NOR memory 44 can be accessed by the host
device 20 even during power up, since the assertion of the
wait state signal 26 affects only those operations directed to
address requests to the PNOR portion 52 of the memory
space.

NOR Memory Operation

In a NOR memory 44 read operation, the host device 20
sends an address signal on the address bus 22 which is within
the NOR memory access portion 50 of the memory space to
the memory device 10. In addition, appropriate control sig-
nals are sent by the host device 20 on the control bus 32 to the
memory device 10. Because the address signals are in a space
other than in the PNOR memory access portion 52, the Hit/
miss compare logic 68 is not activated, and the wait state
signal 26 is not asserted. The address signals and the control
signals are supplied to the NOR memory 44, where the data
from the address supplied is read. The data is then supplied
along the data bus to the MUX 84 and out along the data bus
24 to the host device 20, thereby completing the read cycle.

In a NOR memory 44 write or program operation, the host
device 20 sends an address signal on the address bus 22 which
is within the NOR memory access portion 50 of the memory
space to the memory device 10. In addition, appropriate con-
trol signals are sent by the host device 20 on the control bus 32
to the memory device 10. Because the address signals are in a
space other than in the PNOR memory access portion 52, the
Hit/miss compare logic 68 is not activated, and the wait state
signal 26 is not asserted. The address signals and the control
signals are supplied to the NOR memory 44. The data and
program commands to be written or programmed is sent
along the data bus 24 from the host device 20 to the memory
controller 12 and into the MUX 84. From the MUX 84, the
data is then sent to the NOR memory 44, where the data is
programmed into the NOR memory 44 at the address sup-
plied on the address bus 22. The host device 20 can perform
byte program operation allowing the NOR memory 44 to be
programmed on a byte-by-byte basis. The write or program
cycle is completed when the data is written into the NOR
memory 44.

In NOR memory 44 erase operation, such as sector erase,
or block erase, the host device 20 sends an address signal on
the address bus 22 which is within the NOR memory access
portion 50 of the memory space to the memory device 10. In
addition, appropriate control signals are sent by the host
device 20 on the control bus 32 to the memory device 10.
Because the address signals are in a space other than in the
PNOR memory access portion 52, the Hit/miss compare logic
68 is not activated, and the wait state signal 26 is riot asserted.
The address signals and the control signals are supplied to the
NOR memory 44. The data signal representing the erase
command protocol is sent along the data bus 24 from the host
device 20 to the memory controller 12 and into the MUX 84.
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From the MUX 84, the data is then sent to the NOR memory
44, where the data is decoded by the NOR memory 44 and the
erase operation is then executed. The erase cycle is completed
when the NOR memory 44 completes the erase cycle.

PNOR Memory Operation—Read

In a PNOR memory read operation, the host device 20
sends an address signal on the address bus 22 which is within
the PNOR memory access portion 52 of the memory space to
the memory device 10. There are two possibilities: Read Hit
and Read Miss.

In the case of a Read Hit, the page address portion of the
address signals supplied on the address bus 22 are received by
the Hit/Miss compare logic 68, and are compared to the
addresses currently in the RAM memory 16, as stored in the
CAM 66. If the page address supplied on the address bus 22
is within a page address stored in the CAM 66, then there is a
hit. The Hit/Miss logic 68 activates the MUX 70 such that the
address and control signals are then directed to the RAM
memory 16, with the associated index address 665 from the
CAM memory 66 concatenated with the offset address from
the host device 20 to address the RAM memory 16. Data read
from that lower address from the RAM memory 16 are then
sent to the MUX 80 where they are then supplied to the MUX
84 (the default state for the MUX 80), which has been directed
(not shown) by the Hit/Miss compare logic 68 to permit the
data to be sent to the host device 20 along the data bus 24,
thereby completing the read cycle.

In the case of a Read Miss, there are a number of possibili-
ties. First, is the possibility called Read Miss without cache
flush. In the event the comparison of the page address portion
of the address signals from the address bus 22 to the page
address register 66a from the CAM 66 results in a miss, i.e.
the page address on the address bus 22 is not within the
addresses of pages stored in the RAM memory 16, the Hit/
Miss compare logic 68 then sends a read miss signal to the
MCC/ECC unit 72 for the MCC/ECC unit 72 to initiate a read
coherence cycle. In addition, the Hit/Miss compare logic 68
asserts a signal on the wait state signal 26. The MCC/ECC
unit 72 under the control of the MCU 64 executes an FFS
operation to translate the address supplied by the host device
20 into a physical address in the NAND memory 14. The
MCC/ECC unit 72 then generates the appropriate address and
control signals to the NAND memory 14, and the appropriate
address and control signals to the RAM memory 16.

An entire page of data, including data from the address
specified on the address bus 22 is read from the NAND
memory 14 and is transferred through the MUX 80 and to the
RAM memory 16, where it is written into an entire page of
locations in the RAM memory 16 specified by the MCC/ECC
unit 72, and is operated thereon by the MCC/ECC unit 72 to
ensure the integrity of the data, through error correction
checking and the like. The current page address registers of
CAM 66 is then updated to add the address of the address
page within the current read miss address. The Hit/miss com-
pare logic 68 de-asserts the signal on the wait state signal 26.
In addition, the MCU 64 switches the MUX 80 to the default
position. The Hit/Miss compare logic 68 sends the index
address 665 to the MUX 70 where it is combined with the
offset address portion from the address bus 22, to address the
RAM memory 16. The data from that read operation on the
RAM memory 16 is then supplied through the MUX 80 and
through the MUX 84 to the data bus 24 to the host device 20,
thereby completing the cycle. Because the amount of data
read from the NAND memory 14 is on a page basis, the entire
page of data must be stored in the RAM memory 16. This
scenario of Read Miss without cache flush assumes that either
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an entire page of RAM memory 16 is available to store the
data from the NAND memory 14, or the location in the RAM
memory 16 where an entire page of data is to be stored
contains coherent data (same as the data in the NAND
memory 14), then the entire page of data read from the NAND
memory 14 can be stored in a location in the RAM memory
16. Cache flush means the writing of data from the RAM
memory 16 to NAND memory 14, thereby flushing the cache
(RAM memory 16) of the data coherence problem.

Another possible scenario of a Read Miss is called Read
Miss with cache flush. In this scenario, an entire page of data
from the NAND memory 14 cannot be stored in the RAM
memory 16 without overwriting some data in the RAM
memory 16 which is newer than the data in the NAND
memory 14. This creates a data coherence problem. Thus, a
page of data in the RAM memory 16 must first be written into
the NAND memory 14, before the data from the NAND
memory 14 in a different location can be read into the RAM
memory 16. The sequence of operations is as follows. The
page address portion of the address signal from the address
bus 22 from the host device 20 is compared to the page
address signals 66a from the CAM 66 to determine if the
address signal from the address bus 22 is within any of the
current page addresses. This comparison results in a miss,
causing the Hit/Miss compare logic 68 to send a read miss
signal to the MCC/ECC unit 72 for the MCC/ECC unit 72 to
initiate a read coherence cycle. In addition, the Hit/Miss
compare logic 68 asserts a signal on the wait state signal 26.
The MCC/ECC unit 72 under the control of the MCU 64
determines that a page of data in the RAM memory 16 must
first be written into the NAND memory 16 because there is a
data coherence problem should the data from the NAND
memory 14 be read into the RAM memory 16. The MCU 64
executes an FFS operation to translate the address from the
RAM memory 16 into the address in the NAND memory 14.

An entire page of data is read from the RAM memory 16,
passed through the MUX 80 and supplied to the NAND
memory 14, where they are stored in the NAND memory 14.
Thereatfter, the address from the host device 20 is converted
by an FFS operation into a physical NAND address by MCU
64. The MCC/ECC unit 72 then generates the appropriate
address and control signals under the direction of MCU 64 to
the NAND memory 14 and using the index address 665 from
the CAM memory 66 and the control signals and the offset
address portion from the MCC/ECC 72 to address the RAM
memory 16. An entire page of data read from the NAND
memory 14 is then transferred from the NAND memory 14
through the MUX 80 and to the RAM memory 16, where it is
written into a page of locations in the RAM memory 16
specified by the MCC/ECC unit 72 and the index address 665,
and is operated thereon by the MCC/ECC unit 72 to ensure
the integrity of the data, through error correction checking
and the like. The current page address registers 66a of CAM
66 is then updated to add the page address which contains the
current read miss address, along with it associated index
address 665. The Hit/miss compare logic. 68 de-asserts the
signal on the wait state signal 26. In addition, the MCU 64
switches the MUX 80 to the default position. The Hit/Miss
compare logic 68 sends the index address 664 to the MUX 70
where they are combined with the offset address from the
address bus 22 to initiate a read operation in the RAM
memory 16. The data is then read from the RAM memory 16
and supplied through the MUX 80 and through the MUX 84
to the data bus 24 to the host device 20, thereby completing
the Read cycle.

In each of the cases of Read Hit, Read Miss without cache
flush, and Read Miss with cache flush, from the host device 20
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point of view, the operation is no different than a read to a
RAM device, with latency in the case of a Read Miss. The
host device 20 does not have to deal with address translation
and/or data coherence.

PNOR Memory Operation—Write

In a PNOR memory write operation, the host device 20
sends an address signal on the address bus 22 which is within
the PNOR memory access portion 52 of the memory space to
the memory device 10, along with the data to be written into
the RAM memory 16. There are two possibilities: Write Hit
and Write Miss.

In the case of a Write Hit, the page address portion of the
address signals supplied on the address bus 22 are received by
the Hit/Miss compare logic 68, and are compared to the page
addresses 66a in the CAM 66, which reflect data currently
stored in the RAM memory 16. The page address supplied on
the address bus 22 is within a page address stored in the CAM
66. The Hit/Miss logic 68 activates the MUX 70 such that the
address and control signals are then directed to the RAM
memory 16. The index address 665 from the CAM 66 and the
offset address portion of the address signals from the address
bus 22 are combined to produce an address signal used to
access the RAM memory 16 through the MUX 70. Data from
the data bus 24 is supplied through the MUX 84 through the
MUX 80 is supplied to the RAM memory 16, where it is then
written into the RAM memory 16, thereby completing the
Write Hit cycle.

It should be noted that the data in the RAM memory 16,
after the Write Hit operation will not be coherent with respect
to the data from the same location in the NAND memory 14.
In fact, the data in the RAM memory 16 will be the most
current one. To solve the problem of data coherency, there are
two solutions.

First, the memory device 10 can automatically solve the
problem of data coherence, on an as needed basis. As dis-
cussed previously, for example, in the case of a Read Miss
with Cache Flush operation, data that is more current in the
RAM memory 16 will be written back into the NAND
memory 14 if the pages of data in the RAM memory 16 need
to be replaced to store the newly called for page of data from
the NAND memory 14. As will be discussed hereinafter, the
MCU 64 will also perform a cache flush on the data in the
RAM memory 16 by writing the data back into the NAND
memory 14 in a Write Miss with Cache Flush operation.

An alternative solution to the problem of data coherence is
to perform data coherence under the control of the host device
20. Thus, the host device 20 can issue a cache flush command
causing the memory controller 12 to write data that is not
coherent from the RAM memory 16 back into the NAND
memory 14. The advantage of this operation is that it can be
done by the host device 20 at any time, including but not
limited to critical events such as changing application, shut-
down, or low power interruption received. However, because
the memory controller 12 also can perform data coherence
automatically, in the event the user of the host device 20 fails
to perform the data coherence operation, such operation will
also be performed as needed by the memory controller 12.

In the case of a Write Miss, there are a number of possi-
bilities. First, is the possibility called Write Miss without
cache flush. In the event the comparison of the page address
portion of the address signals from the address bus 22 to the
page address signals 66a from the CAM 66 results in a miss,
i.e. the address on the address bus 22 is not within the
addresses of pages stored in the RAM memory 16, the Hit/
Miss compare logic 68 then sends a write miss signal to the
MCC/ECC unit 72. In addition, the Hit/Miss compare logic
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68 asserts a signal on the wait state signal 26. The MCC/ECC
unit 72 determines if a new page of data from the NAND
memory 14, including the data at the address specified on the
address bus 22 from the host device 20, will store over either
old coherent data, or a blank area of the RAM memory 16. In
that event, there is no need for the memory controller 12 to
perform a write coherence cycle before transferring the data
from the NAND memory 14 to the location in the RAM
memory 16. The MCC/ECC unit 72 under the control of the
MCU 64 executes an FFS operation to translate the address
supplied by the host device 20 into a physical address in the
NAND memory 14. The MCC/ECC unit 72 then generates
the appropriate address and control signals to the NAND
memory 14, and the appropriate address and control signals to
the RAM memory 16.

An entire page of data, including data from the address
specified on the address bus 22, is read from the NAND
memory 14 and is transferred through the MUX 80 and to the
RAM memory 16, where it is written into an entire page of
locations in the RAM memory 16 specified by the MCC/ECC
unit 72 and the index address 665, and is operated therecon by
the MCC/ECC unit 72 to ensure the integrity of the data,
through Terror correction checking and the like. The current
page address registers 66a of CAM 66 is then updated to add
the address of the address page within the current write miss
address and the associated index address 665 (the index
address 665 being the upper 9 bits of the address in the RAM
memory 16 where the page of data is stored). The Hit/miss
compare logic 68 de-asserts the signal on the wait state signal
26. In addition, the MCU switches the MUX 80 to the default
position. The Hit/Miss compare logic 68 sends the index
address 665 to the MUX 70 where they are combined with the
offset address from the address 22, to initiate a write operation
in the RAM memory 16. The data is then written into the
RAM memory 16 from the host device 20 through the MUX
84 and through the MUX 80, thereby completing the cycle.
The data in the RAM memory 16 is now no longer coherent
with the data at the same address in the NAND memory 14.
This coherence problem be solved by either the memory
controller 12 initiating a write cache flush, automatically on
an as needed basis, or by the host device 20 initiating a write
cache flush, at any time, all as previously discussed.

Another possible scenario of a Write Miss is called Write
Miss with cache flush. In this scenario, an entire page of data
from the NAND memory 14 cannot be stored in the RAM
memory 16 without overwriting some data in the RAM
memory 16 which is newer than the data in the NAND
memory 14. This creates a data coherence problem. Thus, a
page of data in the RAM memory 16 must first be written into
the NAND memory 14, before the data from the NAND
memory 14 in a different location can be read into the RAM
memory 16. The sequence of operations is as follows. The
page address portion of the signal from the address bus 22
from the host device 20 is compared to the page address
signals 66a from the CAM 66 to determine if the address
signal from the address bus 22 is within any of the current
page addresses. This comparison results in a miss, causing the
Hit/Miss compare logic 68 to send a write miss signal to the
MCC/ECC unit 72 for the MCC/ECC unit 72 to initiate a
write coherence cycle. In addition, the Hit/Miss compare
logic 68 asserts a signal on the wait state signal 26. The
MCC/ECC unit 72 under the control of the MCU 64 deter-
mines that a page of data in the RAM memory 16 must first be
written into the NAND memory 16 because there is a data
coherence problem should the data from the NAND memory
14 be read into the RAM memory 16. The MCU unit 64
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executes an FFS operation to translate the address from the
RAM memory 16 into the address in the NAND memory 14.

An entire page of data is read from the RAM memory 16,
passed through the MUX 80 and supplied to the NAND
memory 14, where they are stored in the NAND memory 14.
Thereafter, the address from the host device 20 is converted
by an FFS operation into a physical NAND address. The
MCC/ECC unit 72 then generates the appropriate address and
control signals to the NAND memory 14 using the physical
NAND address from the FFS, and the index address and
control signals to the RAM memory 16. An entire page of data
read from the NAND memory 14 is then transferred from the
NAND memory 14 through the MUX 80 and to the RAM
memory 16, where it is written into a page of locations in the
RAM memory 16 specified by the offset address from the
MCC/ECC unit 72 and the index address from the index
address register 665, and is operated thereon by the MCC/
ECC unit 72 to ensure the integrity of the data, through error
correction checking and the like. The current page address
registers of CAM 66 is then updated to add the page address
66a which contains the current read miss address, and the
associated index address 665. The Hit/miss compare logic 68
de-asserts the signal on the wait state signal 26. In addition,
the MCU switches the MUX 80 to the default position. The
Hit/Miss compare logic 68 sends the index address 665 to the
MUX 70 where they are combined with the offset address
from the address bus 22 to form an address to write in the
RAM memory 16. The data is then written into the RAM
memory 16 from the host device 20 to the data bus 24 through
the MUX 84 and through he MUX 80. Similar to the forego-
ing discussion for Write Miss without Cache Flush, the datain
the RAM memory 16 is now more current and a data coher-
ence problem is created, which can be solved by either the
host device 20 initiating a cache flush, or the memory con-
troller 12 initiating a cache flush operation.

In each of the cases of Write Hit, Write Miss without cache
flush, and Write Miss with cache flush, from the host device
20 point of view, the operation is no different than a write to
a RAM device, with latency in the case of a Write Miss. The
host device 20 does not have to deal with address translation
and/or data coherence.

To further reduce the latency time in the event of a Read
Miss with cache flush or a Write Miss with cache flush,
caused by the need to first perform a write operation to the
NAND memory 14 from the RAM memory 16 to solve the
data coherence problem, the following can be implemented.
The page of data that is to be written into the NAND memory
14 is first written into the local SRAM 46 from the RAM
memory 16. This is a much faster operation than writing
directly into the NAND memory 14. Thereafter, the Read
Miss with Cache Flush or Write Miss cache flush operation
continues as if it were a Read Miss without cache flush or
Write Miss without Cache Flush operation. After the Read
Miss or Write Miss operation is completed, the data stored in
the local SRAM 46 can be written into the NAND memory 14
in background operation when the memory device 10 is idle
or access is limited to operation in the NOR memory access
portion 50 or RAM memory access portion 54 or the configu-
ration register access portion 56.

It should be noted that in a PNOR operation, from the host
device 20 point of view, the operation is no different than
executing to a RAM memory, with the data being non-vola-
tile, but without the host device 20 issuing NOR protocol
commands, such as Sector or Block ERASE. However, it is
also within the present invention that the memory device 10
can emulate NOR operation using RAM memory 16 and
NAND memory 14. In that event the memory space mapping
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for the NOR memory access portion 50 would extend to more
than just mapping to the NOR memory 44. The NOR memory
access portion 50 can be mapped to a portion of the RAM
memory 16, with the RAM memory 16 mapped to the NAND
memory 14 statically thereby presenting no latency problem
during access. The data from the NAND memory 14 would be
loaded into the RAM 16 on power up, and read/write to the
NOR memory access portion 50 would be reading from or
writing to the RAM memory 16. The only other change would
be for the memory controller 12 to be responsive to the NOR
protocol commands. As previously discussed, when such
NOR protocol commands are issued by the host device 20,
they are supplied as a sequence of unique data patterns. The
data, supplied on the data bus 24 would be passed through the
MUX 84 through the MUX 80. Because the address supplied
on the address bus indicates that the operation is to be in a
NOR memory access portion 50 emulated by RAM memory
16, the MUX 74 is switched permitting the MCU 64 to receive
the data pattern. Once that data pattern is decoded as a NOR
command, the MCU operates the NAND memory 14 with
those NOR commands, if for example the command is erase.
Of course, the RAM memory 16, being volatile memory does
not have to be “erased”. Thus, the execution of the NOR
protocol commands would result in a faster operation by a
RAM memory 16 emulating NOR memory 44 than a true
NOR memory 44 executing the NOR protocol commands.
Further, the emulation need not emulate the full set of NOR
protocol commands. Instead, the controller 12 can emulate a
partial set of the NOR protocol commands. Therefore, as used
herein, the term “NOR protocol commands™ means one or
more commands from the full set of NOR protocol com-
mands, promulgated by e.g. Intel or AMD.

RAM Memory Operation

In a RAM memory 16 read operation, the host device 20
sends an address signal on the address bus 22 which is within
the RAM memory access portion 54 of the memory space to
the memory device 10. In addition, appropriate control sig-
nals are sent by the host device 20 on the control bus 32 to the
memory device 10. Because the address signals are in the
RAM memory access portion 54, the Hit/miss compare logic
68 activates the MUX 70 to permit the address/control signals
from the address bus 22 and control bus 32 to be supplied to
the RAM memory 16. However, the wait state signal 26 is not
asserted. In addition, the address from the host device 20 is
decoded and from an address signal which is supplied to the
RAM memory 16 along with the control signal from the
control bus 32, where the data from the address supplied is
read. The data is then supplied along the data bus to the MUX
80 and the MUX 84 and out along the data bus 24 to the host
device 20, thereby completing the read cycle.

In a RAM memory 16 write operation, the host device 20
sends an address signal on the address bus 22 which is within
the RAM memory access portion 54 of the memory space to
the memory device 10. In addition, appropriate control sig-
nals are sent by the host device 20 on the control bus 32 to the
memory device 10. Because the address signals are in the
RAM memory access portion 54, the Hit/miss compare logic
68 activates the MUX 70 to permit the address/control signals
from the address bus 22 and control bus 32 to be supplied to
the RAM memory 16. However, the wait state signal 26 is not
asserted. In addition, the address from the host device 20 is
decoded and form an address signal which is supplied to the
RAM memory 16 along with the control signal from the
control bus 32, where the data from the data bus 24 is written
into the RAM memory 16 at the address supplied.
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From the perspective of a host device 20, the operation of
read or write in the RAM memory access portion is no dif-
ferent than accessing a RAM device with no latency.

Configuration Register Operation

In a Configuration Register operation, the host device 20
sends an address signal on the address bus 22 which is within
the Configuration register access portion 56 of the memory
space to the memory device 10. In addition, appropriate con-
trol signals are sent by the host device 20 on the control bus 32
to the memory device 10. The data is then written into the
Non-Volatile Registers 60.

NAND Memory Operation

In a NAND memory 14 read operation, the host device 20
sends an address signal on the address bus 22 which is within
the Mass Storage Access section 58 or ATA memory access
portion 58 of the memory space to the memory device 10. In
addition, appropriate control signals are sent by the host
device 20 on the control bus 32 to the memory device 10.
Because the address signals are in a space other than in the
PNOR memory access portion 52, the Hit/miss compare logic
68 is not activated, and the wait state signal 26 is not asserted.
The host device 20 follows the ATA protocol to read/write to
task file registers 79 for an ATA read/write command. The
task file registers 79 contain registers to store: command,
status, cylinder, head, sector etc. The MCC/ECC unit 72
under the control of the MCU 64 operates the Flash File
System which translates host logical address to NAND physi-
cal address, with the capability to avoid using defective
NAND sectors. Reference is made to U.S. Pat. Nos. 6,427,
186; 6,405,323 6,141,251 and 5,982,665, whose disclosures
are incorporated by reference in their entirety. Each logical
address from the host device 20 has an entry in a table called
Vpage. The contents of the entry points to the physical
address where the logical address data is stored.

To read a page of data from the NAND memory 14, the
address signals and the control signals are supplied to the
NAND memory 14. The host device 20 follows the ATA
protocol with the task file registers 79 storing the command
and the logical address. Each sector size is 512 bytes. The host
device 20 checks for the readiness of the memory 10 by
reading the status register 79 which is in the task file register
access portion 58 of the memory space. The host device 20
writes the “read” command into the command registers 79,
within the memory space 58. The MCU 64 performs an FFS
translation of the logical address to a physical address and the
MCC/ECC unit 72 under the control of the MCU 64 reads the
data from the NAND memory 14, and transfers pages of data
into the buffer 81. After the entire page of data is stored in the
Data Registers 81, and is operated thereon by the MCC/ECC
unit 72 to ensure the integrity of the data, through error
correction checking and the like, the data is read out of the
memory controller 12 along the data bus 24.

An operation to write into the NAND memory 14 is similar
to an operation to read from the NAND memory 14. The host
device 20 checks for the readiness of the memory 10 by
reading the status register 79 which is in the task memory
space 58 portion. The host device 20 writes one page of data
into the Data register 81, and then writes the “write” com-
mand into the command registers 79, along with the logical
address. Thereafter, the MCU 64 using the FFS converts the
logical address to a physical address and the MCC/ECC unit
72 under the control of the MCU 64 writes the one page of
data from the ATA bufter 81 into the NAND memory 14.

The FFS updates a page of data by locating the physical
address of the page to be updated. FFS finds an erased sector
as a “buffer sector” or if there is no erased sector, it first
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performs an erase operation on a sector. FFS then reads the
old data which has not been modified and programmed to the
buffer sector. FFS then programs the updated page data. It
then waits for the next request. If the next page is on the same
erase sector, FF'S continues the update operation. If the next
page is outside of the transferring erase sector, the rest of the
unmodified data will be copied to the buffer sector. The map-
ping table entry is changed to the buffer sector physical
address. A new page update operation is then started.

Referring to FIG. 4 there is shown a second embodiment of
a memory device 110. The memory device 110 is similar to
the memory device 10 shown in FIG. 1. Thus, like parts with
like numerals will be designated. The only difference
between the memory device 110 and the memory device 10 is
that in the memory device 100, the second RAM bus 40
connects the RAM memory 100 directly to the host device 20,
rather then to the memory controller 12. Thus, in the memory
device 110, the host device has direct access and control of the
RAM memory 100.

This difference between the embodiment of the memory
device 10 and the embodiment of the memory device 110 is
reflected in the memory mapping shown in FIG. 5. Similar to
the memory device 10, the memory mapping for the memory
device 110 comprises a NOR memory access portion 50
which is mapped to the NOR memory 44, a PNOR memory
access portion 52 which is mapped to the RAM memory 16 in
the memory device 110, which is then mapped to the NAND
memory 14, and a RAM memory access portion 54 mapped to
the RAM memory 16. However, with the RAM memory 100
being directly accessible by the host device 20 through the
second RAM bus 40, the memory mapping for the memory
device 110 also includes another RAM memory access por-
tion 55, which maps directly to the RAM memory 100. The
memory device 110 then further comprises the configuration
register access portion 56, and finally an ATA memory access
portion 58, similar to that described for the memory device
10.

With the memory controller 12 interfacing with the host
device 20 and with the NAND memory 14, the memory
device 10 offers more protection than the memory devices of
the prior art. In particular, the memory controller 12 can limit
access to certain data stored in the NAND memory 14, as in
concerns relating to Digital Rights Management. Further the
memory controller 12 can encrypt the data stored in the
NAND memory 14 to protect sensitive data. Finally, the
memory controller 12 can offer protection against accidental
erasure of data in certain portion(s) of the NAND memory 14.
Finally with the program stored in NOR memory 62 the
memory controller 12 is a self-starting device in that it does
not require initial commands from the host device 20.

There are many aspects of the present invention. First, the
memory device 10 or 110 is a universal memory device. The
memory device has a memory controller which has a first
address bus for receiving a RAM address signals, a first data
bus for receiving RAM data signals, and a first control bus for
receiving RAM control signals. The memory controller has
NOR memory embedded therein and further has a second
address bus for interfacing with a volatile RAM memory, a
second data bus for interfacing with the volatile RAM
memory, and a second control bus for interfacing with the
volatile RAM memory. The controller further has a third
address/data bus for interfacing with a non-volatile NAND
memory, and a third control bus for interfacing with non-
volatile NAND memory. The memory device further having a
RAM memory connected to said second address bus, said
second data bus, and said second control bus. The memory
device further having a non-volatile NAND memory con-
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nected to the third address/data bus and to the third control
bus. The controller is responsive to address signals supplied
on the first address bus whereby the NOR memory is respon-
sive to a first address range supplied on the first address bus,
whereby the RAM memory is responsive to a second address
range supplied on the first address bus, and whereby the
NAND memory is responsive to a third address range sup-
plied on the first address bus.

In yet another aspect of the present invention, the memory
device is a universal memory device, wherein the user can
defined the memory space allocation. The memory device has
a memory controller which has a first address bus for receiv-
ing a RAM address signals, a first data bus for receiving RAM
data signals, and a first control bus for receiving RAM control
signals. The memory controller has NOR memory embedded
therein and further has a second address bus for interfacing
with a volatile RAM memory, a second data bus for interfac-
ing with the volatile RAM memory, and a second control bus
for interfacing with the volatile RAM memory. The controller
further has a third address/data bus for interfacing with a
non-volatile NAND memory, and a third control bus for inter-
facing with non-volatile NAND memory. The memory device
further having a RAM memory connected to said second
address bus, said second data bus, and said second control
bus. The memory device further having a non-volatile NAND
memory connected to the third address/data bus and to the
third control bus. The memory device is responsive to the user
defined memory space allocation wherein in a first address
range supplied on the first address bus, the memory device is
responsive to NOR memory operation including being
responsive to NOR protocol commands, and a second address
range supplied on the first address bus, the memory device is
responsive to RAM operation, and a third address range sup-
plied on the address bus, the memory device is responsive to
the NAND memory operating as an ATA disk drive device,
wherein the first, second and third address ranges are all
definable by the user

In yet another aspect of the present invention, memory
device has a memory controller which has a first address bus
for receiving a RAM address signals, a first data bus for
receiving RAM data signals, and a first control bus for receiv-
ing RAM control signals. The memory controller further has
a second address bus for interfacing with a volatile RAM
memory, a second data bus for interfacing with the volatile
RAM memory, and a second control bus for interfacing with
the volatile RAM memory. The controller further has a third
address/data bus for interfacing with a non-volatile NAND
memory, and a third control bus for interfacing with non-
volatile NAND memory. The memory device further having a
RAM memory connected to said second address bus, said
second data bus, and said second control bus. The memory
device further having a non-volatile NAND memory con-
nected to the third address/data bus and to the third control
bus. The controller further having means to receive a first
address on the first address bus and to map the first address to
a second address in the non-volatile NAND memory, with the
volatile RAM memory serving as cache for data to or from the
second address in the non-volatile NAND memory, and
means for maintaining data coherence between the data
stored in the volatile RAM memory as cache and the data at
the second address in the non-volatile NAND memory.

In another aspect of the present invention, the memory
device has a memory controller which has a first address bus
for receiving a NOR address signals, a first data bus for
receiving NOR data signals and data protocol commands, and
a first control bus for receiving NOR control signals. The
memory controller further has a second address bus for inter-
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facing with a volatile RAM memory, a second data bus for
interfacing with the volatile RAM memory, and a second
control bus for interfacing with the volatile RAM memory.
The controller further has a third address/data bus for inter-
facing with a non-volatile NAND memory, and a third control
bus for interfacing with non-volatile NAND memory. The
memory device further having a RAM memory connected to
said second address bus, said second data bus, and said sec-
ond control bus. The memory device further having a non-
volatile NAND memory connected to the third address/data
bus and to the third control bus. The controller further oper-
ating the RAM memory to emulate the operation of a NOR
memory device including NOR protocol commands.

One of the uses of the memory 10 or 110 of the present
invention is in the PC system 300 shown in FIG. 6. The
memory device 10 or 110 can function in the following
modes.

First, memory 10 or 110 can replace the DRAM 340. Since
the memory 10 or 110 has a RAM portion, it can replace the
DRAM 340. Furthermore, because the memory 10 or 110
also has a non-volatile portion, the memory 10 or 110 can
store certain software in its NAND memory 14, such that
upon boot up of the PC 300, the software can be immediately
read from the NAND flash memory 14 through the controller
12 of the memory 10 or 110 and executed by the processor
314 without it being retrieved from the HDD 326. In addition,
certain data or program that is frequently used by a user, as
monitored by the operating system can also be pre-fetched
from the HDD 326 and stored in the NAND 14 or NOR
memory 44 portion of the memory 10 or 110, thereby saving
time during operation as perceived by the particular user.
Finally, the memory 10 or 100 can be used as a disk cache for
the data/program from the HDD 326.

Second, the memory 10 or 110 can replace the BIOS 320.
Because the memory 10 or 110 is operable in a NOR manner,
the memory 10 or 110 can replace the BIOS 320 and can be
used to store the start up code that the processor 314 requires
to start the PC 300. The interface to the Southbridge 318 from
the BIOS 320 can be serial or parallel. In addition, the
memory 10 or 110 can be partitioned into at least two parts:
one part for storing the BIOS code and the other part to store
code for the operating system. In that event, start up of the PC
300 may be more rapid since some of the operating code is in
non-volatile memory portion of the memory 10 or 110 rather
than being stored on HDD 326. The controller 12 can provide
security access to authorize one or the other portion. When
operating in this mode, the memory 10 or 110 need not
contain any RAM 16. The memory 10 or 110 can be simply
the controller 12 with a small amount of NOR memory 44 and
aNAND Flash memory 14, and need not contain any RAM 16
or be able to operate in a Pseudo NOR mode. Further, not all
of the BIOS 320 instructions need to be stored in the NOR
memory 44. Some of the instructions for the BIOS 320 can be
stored in the NOR memory 44 with the remainder stored in
the NAND Flash memory 14.

Third, the memory 10 or 110 can replace the BIOS 320 and
with the bus 350 divided into two buses: a first bus 351,
parallel or SPI (serial) from the Southbridge 318 to the BIOS
320, and a second bus 352: an industry standard ATA bus from
the Southbridge 318 to the BIOS 320, as shown in FIG. 7A. In
this mode, which is a variation of the second mode described
above, the memory 10 or 100 need not contain any RAM 16.
In addition to the functions of storage and retrieval of the
BIOS instructions, because the memory 10 or 110 also has an
ATA bus, it can be used as a “lite” HDD in applications where
the PC system 300 is used as a thin client, not requiring an
HDD 326. Thus, the memory 10 or 110 can function as both
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a storage of the BIOS instructions as well as storage or oper-
ating system or user data in the NAND Flash memory 14.
Thus, as used herein, the bus 350 can mean any type of bus or
group of buses, including but not limited to PCI, PCI express,
USB, ATA etc.

Fourth, the memory 10 or 100 can replace the BIOS 320
and with the bus re-routed such that the memory 10 or 100 is
interposed between the signal from the Southbridge 318 to
the HDD 326 or to the USB port 327 as shown in FIG. 7B.
Because the memory 10 or 110 has a controller 12, there are
three modes it can operate. First, it can be totally transparent,
ie. as if the memory 10 or 110 is not present, with the
communication on the bus 350 directed from the Southbridge
318 to the HDD 326 or the USB port 327. Second, the
memory 10 or 110 can “intelligently” listen to the signals
representing command or data between the Southbridge 318
and the HDD 326 and “trap” or “capture” any such command
or data. If the data requested by the Southbridge 318 is stored
in the memory device 10 or 110, the memory device 10 or 110
can respond thereto without the HDD 326 responding. Thus,
performance is improved by the memory device 10 or 110
acting as a cache for the HDD 326. It should be noted that this
mode of operation does not require any special software
driver. Third, the memory 10 or 110 can “trap” the command
and re-transmit the command after analysis. Finally, with the
PC 300 in an off mode, the MCU 12 and the memory device
10 or 110 can act as a host to the HDD 326 and control the
operation thereof. This capability will be discussed in greater
detail hereinafter. Here again, when operating in this mode,
the memory 10 or 110 need not contain any RAM 16. The
memory 10 or 110 can be simply a small amount of NOR
memory 44 and a NAND Flash memory 14. Similar to the
third mode of operation, the bus 350 that connects the South-
bridge 318 to the BIOS 320 and to the Hard Drive 326 can
comprise a group of buses such as: a parallel or SPI bus 351
for accessing the NOR memory 44 and an industry standard
ATA bus 352 for accessing the NAND memory 14. The NOR
flash memory 44 can serve to store instructions for BIOS 320,
as previously discussed, when access to the BIOS 320 is along
the parallel or SPI bus 351. In addition, because the NAND
Flash memory 14 is cheaper than NOR memory 44, the
NAND Flash memory 14 can be used to store the rest of the
instructions for the BIOS 320 and retrieved into the MCU 12
and supplied along the parallel or SPI bus 351. In addition, the
NAND flash memory 14 can be used to store cache data from
the Hard Disk Drive 326, when the Southbridge 318 attempts
to retrieve the data from the HDD 326 along the ATA bus 352.
A variation of the example shown in FIG. 7B is shown in FI1G.
7C wherein the memory device 10 Or 110 is also connected to
the Northbridge chip 316 through either a PCI bus, PCI
express bus, or a USB bus.

Fifth, because the MCU 12 in the memory device 10 or 110
is a processor, it can be programmed to serve other functions,
than the ones described heretofore. For example, the MCU 12
can be programmed such that the memory device 10 or 110
can function as an MP3 player or video play back with the
songs/video stored in the NAND memories 14. The program
code necessary to operate the MCU 64 of the memory con-
troller 12 can be stored in the NOR memory 62. If the MCU
12 is not robust enough or it is desired to have dedicated
hardware perform the MP3/video function, then either a dedi-
cated DSP processor or a dedicated MP3 player processor can
be integrated into the memory device 10 or 110. Thus, with
this feature, whether the PC 300 is on or not, the memory
device 10 or 110 can play back the songs or video stored on
the NAND memories 14.
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Sixth, with the memory device 10 or 110 having its MCU
12 programmed for MP3 or video playback or with the
memory device 10 or 110 having a dedicated DSP processor
for MP3 or video playback, even when the PC 300 is off or is
in a hibernating mode, the memory device 10 or 110 can
access additional audio/video data stored on the HDD 326.

In addition to the features of the above mentioned sixth
mode, in the event the PC 300 has an additional display, e.g.
a smaller secondary display, with the PC 300 off or in a
hibernating mode, the memory device 10 or 110 can retrieve
audio-visual data stored on the HDD 326 and display them on
either the primary display 332 or a secondary display (not
shown). Again, in this mode of operation the only “active”
component of the PC 300 that requires power would be the
memory device 10 or 110, the HDD 326 and the display 332
or the secondary display (not shown). Thus, with a smaller
secondary display, which is “active” only when the memory
device 10 or 110 is “on” when the processor 314 is in the off
mode or in the hibernating mode, power savings is gained.

Finally, in a seventh mode, with the bus 350 also connected
to external ports, such as USB port 327, the memory device 10
or 110, when the processor 314 is on, can act as a USB hub, or
as a USB pass through device. However, when the processor
314 is off, the memory device 10 or 110 can act as the USB
host, i.e. the memory device 10 or 110 controls and powers all
devices connected to the USB port 327. It should be noted that
the USB bus is only just one example of the type of bus to
which the present invention is directed. As previously dis-
cussed, the bus 350 can be any type of bus including but not
limited to PCI, PCI express, ATA etc. Among the devices that
can be connected to the USB port 327 include, card reader,
that provides system 300 with file image back up to the HDD
326; external USB storage device for additional storage or
backup; and additional devices such as Bluetooth communi-
cation device. Thus, in this mode, it would be possible to
“copy” a file from the HDD 326 without powering on the
entire PC 300.

What is claimed is:

1. A controller circuit comprising:

a first plurality of ports for connecting to a first plurality of

buses for receiving and providing signals therefrom, and
a second plurality of ports for connecting to a second
plurality of buses for receiving and providing signals
therefrom;

a third port for connecting to a memory;

said controller circuit operable in one of two modes:

wherein in a first mode, said controller circuit functions
as a pass through device to provide signals transparently
to and from the plurality of first buses to the plurality of
second buses; and wherein in a second mode, said con-
troller circuit functions to monitor signals from one of
the second plurality of buses to another of said second
plurality of buses, in response to said signals requesting
data from said controller circuit wherein said controller
circuit analyzes said signals to determine if said data is in
said memory.

2. A controller circuit comprising:

a first plurality of ports for connecting to a first plurality of

buses for receiving and providing signals therefrom; and
a second plurality of ports for connecting to a second
plurality of buses for receiving and providing signals
therefrom;

a third port for connecting to a memory;

said controller circuit operable in one of two modes:

wherein in a first mode, said controller circuit functions
as a pass through device to provide signals transparently
to and from the plurality of first buses to the plurality of



US 7,519,754 B2

23

second buses; and wherein in a second mode, said con-
troller circuit functions to trap signals from one of the
second plurality of buses and analyzes said signal to
determine whether to transmit said signal to another of
said second plurality of buses, in response to said signals
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the second plurality of buses directed to one of said first
plurality of buses, wherein said signals request data from
said one of said first plurality of buses, and wherein said
memory device serves to respond to said signals in the
event said data requested is in said memory device.

6. A memory device comprising:

a first plurality of ports for connecting to a first plurality of
buses for receiving and providing signals therefrom, and
a second plurality of ports for connecting to a second
plurality of buses for receiving and providing signals
therefrom;

said memory device operable in one of two modes: wherein
in a first mode, said memory device functions as a pass
through device to provide said signals transparently to

requesting data from said controller circuit, wherein said
controller circuit analyzes said signals to determine if
said data is in said memory.
3. The controller circuit of claim 1 wherein said memory is
a non-volatile memory. 10
4. The controller circuit of claim 2 wherein said memory is
a non-volatile memory.
5. A memory device comprising:
a first plurality of ports for connecting to a first plurality of

buses for receiving and providing signals therefrom, and 15 and from the plurality of first buses from and to the
a second plurality of ports for connecting to a second plurality of second buses; and wherein in a second mode,
plurality of buses for receiving and providing signals said device functions to trap said signals from one of'the
therefrom; second plurality of buses directed to one of said first
said memory device operable in one of two modes: wherein plurality of buses, wherein said signals request data from
in a first mode, said memory device functions as a pass 20 said first plurality of buses, and wherein said memory

through device to provide said signals transparently to
and from the plurality of first buses from and to the
plurality of second buses; and wherein in a second mode,
said device functions to monitor said signals from one of

device serves to re-transmit said signals after an analysis
of whether said data requested is in said memory device.
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